北関東高原山系におけるフモトミズナラの種特性とミズナラおよびコナラの種特性との比較 by 望月 寛子 et al.
北関東高原山系におけるフモトミズナラの種特性と
ミズナラおよびコナラの種特性との比較
著者 望月 寛子, 逢沢 峰昭, 中山 ちさ, 飯塚 和也, 大
久保 達弘
著者別表示 Mochizuki Hiroko, Aizawa Mineaki, Nakayama







Creative Commons : 表示 - 非営利 - 改変禁止
http://creativecommons.org/licenses/by-nc-nd/3.0/deed.ja
望月寛子 1・逢沢峰昭 2・中山ちさ 1・飯塚和也 2・大久保達弘 2：北関東高
原山系におけるフモトミズナラの種特性とミズナラおよびコナラの種特
性との比較











により，フモトミズナラQ. serrata Thunb. ex 
Murray subsp. mongolicoides H. Ohbaと命名さ
れ，Kanno et al.（2004)で示された遺伝的類縁性
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Abstract
We revised the taxonomic status of Quercus serrata subsp. mongolicoides (QSM) population occurring in 
hilly and lower mountainous regions of northern Kanto district. We conducted analysis of leaf morphology, 
genetic analysis and observation of leaf phenology for three congener species, QSM, Q. serrata (QS), and Q. 
mongolica var. grosseserrata (QMG). We set three sites, University forest at Funyu (S1), Kenminno-mori (S2) 
and Shojin-zawa (S3) in Mt. Takahara. Principal component analysis based on leaf morphological characters 
measured for the samples from the three sites showed that QSM and QMG apparently distinguished from QS. 
Genetic analysis including principal coordinates analysis, Bayesian clustering, and analysis of molecular vari-
ance using five loci of nuclear EST-SSR showed that QSM and QMG unambiguously distinguished from QS, 
but QSM and QMG were not discriminable from each other. Our observation of leaf phenology from the end of 
March to the middle of May in three years (2010-2012) in S1 and S2 indicated that QSM and QMG exhibited 
a similar pattern of the phenology and that their phenology progressed earlier than that observed in QS. Thus, 
we concluded that the QSM population in northern Kanto district should not be regarded as an intraspecific 
taxon of QS, but as intraspecific taxon of Q. mongolica, or intraspecific variation of QMG.
Key words： genetic analysis, leaf morphology, leaf phenology, nuclear EST-SSR
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れ て い る（Whittemore and Schaal 1991; Petit 
et al. 1997; Matsumoto et al. 2009）。 ま た， 葉
緑体DNAのほかに，AFLP（Amplified fragment 
length polymorphism）（Matsumoto et al. 2009）


















































部附属船生演習林（北緯36 °40 ′～36 °49 ′，東
経139 °47 ′～ 139 °51 ′，標高260～ 597m）（以
下，船生）である（Fig. 1のS1）。ここでは，両種
は，アカマツPinus densiflora Siebold et Zucc.，
クリCastanea crenata Siebold et Zucc.，エゴノ
キStyrax japonica Siebold et Zucc.， ア カ シ デ
Carpinus laxiflora（Siebold et Zucc.）	Blumeお






























































Fig.1.  Locations of the study sites in Mt.Takahara, northern Tochigi.
 S1, University forest at Funyu, Shioya-machi; S2, Kenminno-mori, Yaita-shi; S3, Shojin-zawa, Shioya-machi.
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た（Table 2）。試薬調製およびPolymerase chain 























Fig.2.  Measures of leaf characters (A) and index of serration of leaf (B) of the three Quercus species.
 BL, blade length; BW, blade width; DWP, distance to the widest point from the top; PL, petiole length; an 










（Kalinowski et al. 2007）を用いて算出した。また，
GenAlEx ver.6.4 （Peakall and Smouse 2006）
を用いて，各個体の遺伝子型を基に，各個体間の






標準化したものを用いた（Peakall and Smouse 
2006）。
各 種 の も つ 遺 伝 構 造 を，STRUCTURE ver. 
2.1（Pritchard et al. 2000）を用いて推定した。
STRUCTURE解析は，各遺伝マーカーが連鎖して
いないことを仮定した上で，ベイズの統計理論を基























GenAlEx ver.6.4を 用 い てAMOVA（analysis of 



























Locus Repeat motif Ta(˚C) Allele size range
QSM QMG QS
nA HO HE nA HO HE nA HO HE
QmC00419 (AG)3(TC)7 55 171-178 5 0.435 0.558 4 0.130 0.329 4 0.383 0.363 
QmC00716 (TC)15 55 243-274 14 0.913 0.902 12 0.870 0.871 11 0.511 0.481 
QmC01368 (CCA)7 55 144-161 7 0.739 0.620 6 0.609 0.674 5 0.681 0.617 
QmC01794 (GAA)9 55 88-108 7 0.565 0.761 7 0.478 0.761 2 0.085 0.081 
QmC02052 (AG)10 55 242-264 6 0.739 0.739 9 0.652 0.778 8 0.745 0.777 
mean 7.8 0.678 0.716 7.6 0.548 0.683 6.0 0.481 0.464 
Ta, annealing temperature; nA, number of alleles per locus detected; HO, observed heterozygosity; HE, expected 
heterozygosity.
Table.2.  Characteristics of nuclear EST-SSR markers used in this study
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0 not yet buded
+ proportion of leaves with little extension occupying sparsely (less than 20%) of a tree crown
1 proportion of leaves ongoing extension, but shape of which not yet clear, reaching 20% of a tree crown
2 proportion of leaves ongoing extension, but shape of which not yet clear, reaching 50% of a tree crown
2+ proportion of leaves clearly extended reaching 50% of a tree crown
3 proportion of leaves clearly extended reaching almost 100% of a tree crown
Leafing ranks proposed by Kimura et al. (1994) were modified for use in this study.
Table.1.  Leafing ranks used for the three Quercus species
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Fig.3.  Frequency distribution of each leaf characteristics measured in the three Quercus species.
 Mean ± standard deviation is shown except for medians in stellate hair and shape of serration. Different 
alphabets indicate significant difference (P<0.05) among them using ANOVA and Tukey-Kramer’s HSD test; 
in stellate hair and shape of serration, non-parametric Kruskal-Wallis test and subsequent post-hoc Steel-
Dwass test were carried out.
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Fig.4.  Principal component analysis based on leaf morphological measures obtained in the three Quercus spe-
cies in each study site (S1-S3).
 QMG, Q. mongolica var. grosseserrata; QSM, Q. serrata subsp. mongolicoides; Qs, Q. serrata.
Fig.5.  Principal coordinates analysis based on genetic distance using allele composition obtained from five 
nuclear EST-SSR loci.
 QMG, Q. mongolica var. grosseserrata; QSM, Q. serrata subsp. mongolicoides; Qs, Q. serrata.
Fig.6.  Results of Bayesian clustering STRUCTURE analysis for two clusters obtained from five nuclear EST-
SSR loci.
 Each individual is represented by a thin vertical line. QMG, Q. mongolica var. grosseserrata; QSM, Q. ser-
rata subsp. mongolicoides; Qs, Q. serrata.
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Fig.7.  Patterns of leaf phenology observed in the three Quercus species from the end of March to the middle 
of May in each study site (S1 and S2).
 Mean ± standard deviation (bar) of leafing rank for each species is shown.
Species pair Percentage of variation ΦPT P-valueAmong species Within species
QSM vs QS 44    56 0.441 0.01
QMG vs QS 48    52 0.481 0.01
QSM vs QMG 2    98 0.018 >0.05
QMG, Q. mongolica var. grosseserrata; QSM, Q. serrata subsp. mongolicoides; Qs, Q. serrata; df, degree of 
freedom; ΦPT, a statistics analogous to FST, is the estimate of genetic differentiation between species provided 
by GenAlEx.
Table.3.  Results of AMOVA (analysis of molecular variance) for the three Quercus species
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